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Improvements In or Relating to Battery CNwgtng 

{g?! Ao&wersuopfy 0 supplies charging airwntjnifessto a battery 71,. and s microprocessor 3 receives from 
so A/D converter 20 codes representing the off-load battery voltage isetmm charging pulses ana monitors the 
rati? of the dmo in battery voHsgs dun'rig « first period foiiowing a puise to the voltage drop over a second 
pedes! foSbwihg the pulse. This ratio reaches e peak and than declines, and the microprocessor determines 
Whan lbs ratio falls bsk;w a peak value thereof i>y a predetermined mv»W at proportion: to terminate fast 
aharglhg, efts? which the battery may he removed or remain on (firm charge., the width of the pulses being 
reduced to give a suitable average current for trioide charging. The battery may first be discharged at constant 
■current to a predetermined voltage. A test la then made by applying dialing pulses and determining the _ 
above ratio between poises if the ratio falls in a predetermined range, the battery is accepted sorfast charging. 
Fast-charging Is also terminated if the battery voltage monitored at a predetermined time after sash pulse 
starts to fail after teaching a peak, or if » ©redetermined number of pulses have bean supplied. A display 
indinstss the paresniaee charas of the battery. i« the intervals between fas*-ohar>ging pulses applied to one 
batterv as tdckie chsfglnu pulses may be applied in a multiplexed manner to other batteries, 

the power supply 6 has a stabilizer circuit ( .1 1 0), {figure 2) with a I 00 KHa escif irmx the mark/apace 
ratio of which is controlled in response to feedback from a current transformer 1 1 to maintain the current 
pulse amplitude constant at a level dependent on the siss of the battery being charged as sensed by a 
mlcroswlich. 
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SPECIFICATION 

Improvements in of delating to Battery 
Charging 

Tb« present invention relates to battery 
8 charging and, in particular, to charging of sealed 
nfekei--carimium (ftod) batteries. 

According to a first aspect of the invention, 
there Is provided a method of charging a battery, 
comprising the steps of: 
1 0 a I supplying a pin railty of current pulsos of a 
first type to the battery; 

b) measuring th« off-load voltage of the battery 
between tsiwt poises of the first type; 
d determining s first voltage drop during a first 
1 £ period following a current pulse of the first type; 
d} determining s second voltage drop during a 
second period following die current pulse of the 
first type of step e) but before a next torrent pulse 
of the first type, where the end of the second 
20 period is later than the beginning of the first 




2.5 current pulses of the first type to form a sequence 
of ratios; and 

g) stopping die supply of the current pulses of 
the first type after the sequence of ratios has 
reached a peak value and when a ratio is 

30 determined which is less than the peak value by a 
predetermined amount or proportion. 

According to a second aspect of the invention, 
there Is provided m apparatus for charging a 
battery, comprising; means for supplying current 

3$ pulses : of a IPst type to the battery; mesne for 
measuring the off-load voltage of the battery 
between current pulses; and means for 
determining each first voltage drop during a first 
time period following a current pulse, for 

40 determining each second voltage drop during a 
second period following the current poise with the 
and of the second period following the beginning 
of the hrst period, for determining the ratios of the 
first and second voltage drops, and for preventing 

45 the puise supplying means from supplying current 
pulses of the first type when the value of the ratio 
falis below a peek value by a predetermined 
amount or proportion. 

Various preferred features end embodi merits of 

SO the invention are defined in claims wolsh are 
dependent on claims 1 end 16. 

The Invention will he further described, by way 
of example, with reference to the aOcompsnyifig 
drawings;, in which; 

m Figu re 1 Is a schematic block diagram of a 
battery charger constituting a preferred 
embodiment of the Invention; 

Figures 2 to 4 are eirsuit diagrams ef parts of 
the battery chsrgsr of Figure 1 ; 

80 Figure 5 Is s graph illustrating operation of the 
battery charger of Figure 1 ; and 

Figure 8 illustrates a dotal! of tM mechanical 
construction! of the battery charger of figure 1. 
The battery charger shown in fig, 1 comprises 



65 a power supply and processing circuit 1 , shown to 
the left of the broken line, and a plurality of 
battery ports, only one of which Is shown to the 
right of the broken line in fig. 1 1ndicated by 
reference numeral 2. in particular, the preferred 

70: battery cbarger comprises sixteen battery ports, 
three of which are conditioning ports of the ty pe 
illustrated In Fig. 1 and the remainder of which 
are ordinary battery ports which differ from the 
conditioning ports by om ission of the discharge 

IS circuit as will bo described hereinafter. 

The power supply and processing circuit 1 
comprises a microprocessors for controlling all of 
.the operations of the battery charger, an auxiliary 
power supply 4 for powering sli the electronic 

80 circuits of the battery charger from power supply 
lines 5, and a main power supply 6 for supplying 
current poises to charge the batteries connected 
to the battery ports 2, The power supplies 4 and 6 
are of the switehed-mods stabilising type sod 

§8 receive DC Input power from a supply input 
terminal 7. The auxiliary power supply 4 provides 
voltage- -stabilised outputs for the electronics 
whereas the main power supply 6 is current- 
stabilized. The main power supply 6 is slaved to 

SO the auxiliary power supply 4 and receives 
synchronization pulses and a voltage reference 
signal on lines 8 and 3, respectively. 

Tne main power supply 8 includes an Isolating 
or ■''inverting" transformer which, because the 

S§ power supply switching frequency iotslatiwly 
high, may ba of compact construction.: This power 
supply transformer is preferably wound frost 
screened or coaxial lead with the somen end bora 
forming the primary and secondary', or secondary 

100 ano primary, windings respectively. Such an 
arrangement fedocas the leakage inductance of 
the transformer and thus substantially reduces 
the voltage spikes caused oy the switching action 
of the power supply and to which the switching 

I OS semiconductors would otherwise be sobjpcteti, 

Accordiogiy, switching semiconductors of lower 
ratings may be used and/ot the stress on the 
switching semiconductors may be reduced. In s 
preferred embodiment the switching 
1 10 semieondoctors comprise power fvlOSFET 

devices, mounted as will be described herelnsftsr 
with reference to Fig. S of the drawings. 

The main power supply 6 provides current 
pulsus of constant amplitude, whose vsriue is 

II S selectable by the microprocessor 3, according to 

the capacity of the battery being charged, by 
means of s control line 1 0. Selection of the 
empistude Is preferably controlled in response to 
the position of a mlcroswltch for each battery port 

1 20 which Is co n trolled by the sb« of battery 

connected to toe port The mlesoswbches may be 
similar to or ganged with the misroswiteh of the 
conditioning ports to be described hereinafter; 
Current stabilization of the main power supply is 

i2M achieved by means of a negative feedback loop In 
which the current-sensing element Is a current 
traosforpw 1 1 In one of ihs output leads 1 2 of 
the main power supply 6, The use of a current 
transformer 11 allows the output leads 12 and 13 
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of the main power supply to be j 
providing Isolation lor the ste 
the pewsr supply. This avoids the need for otfser 
isolating components, such as opto-coupiets, 
5 A further current transformer 14 is provided in 
the Input iesd to the main power supply 6, since 
the current soiled to the- main power supply Is 
pulsed at the switching frequency of the power 
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the electronics of the main power supply a 
oepenoenf. or* me arnpirt«c«i o? eecn input. * 
puis® and is used to shut down the main power 
suppiy if excessive cu rrent is drawn, Inolcatlng 3 
fecit In the main power supply. 

The microprocessor 3 controls the pulsed 
of the main power supply 6 by 

15, The microprocessor 
a power usso snecs tranwsio* i o, 
hy means of s contra! fine 1 7, which field effect 
transistor shorts the output leads 12 and 13 of 
the main power supply 6 during the space 
between the production of current pulses. This 
prevents the appearance of "phantom" batteries, 
which might upset the > 
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£0 



as 

hereinafter and might result in charging $ 
being supplied to non-existent batteries. 

The input power supply voltage from the 
terminal ? is monitored fey an input monitor 10? 
30 which provides the microprocessor 3 with e logic 
Signs! of +Sv or 0y f depending on whether or not 
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acoeptsble Wm. Irs particular If the input 
fails feslow a predetermined usable value, the 
mloroprooessor disables the main power supply § 
so as to prevent charging of the batteries bat 
A^f> y A f *; th« remainder rvrth*- ."Uf-i^tmnics m 

continue to function. An indication that the power 
supply voltage is outside acceptable limits is 
provided by means of a light emitting diode ?oot 
shown) which is normally continuously 
illuminated to indicate correct operation of the 
battery charger but which is flashed by the 
microprocessors when -the input voltage is wo 
low. 

The microprocessor 3 Is of the store* 
type and may comprise a "single cntp' 
microprocessor having integral read 
storing the processor program or provided with 
separate read only memory. The microprocessor 3 
is connected to a set of three switches 13, each of 
which is associated with a respective battery 

port 2 a nd controls whether thteport 
a conditioning or charging mode. The 
3 is further connected to a set of 
displays 19 comprisl ng three ?--«egmgntLS3 
displays or "Go/No Go" ISO displays associated 
with the conditioning ports and sixteen sets of 3 
LED displays associated with the sixteen foattory 
ports. The Information conveyed by lbs set of 
displays 19 wiil be described hereinafter. 

The microprocessor 3 has an input connected 
to the output of an snslorj-fo-digftsi converter 20, 
whose Input is connected to the output of so 
21, The multiplexer 21 Is 



eentroiled by a control sine 22 from tea 
microprocessor and has a first input connected to 
the ontpwt pf a controllable attenuator 23 and a 
seoond input {not shown) for receiving the output 
from ostfery temperature detection circuitry, 
which is optional and is not .shown in the 
drawings. 

The attenuator 23 is controiied by an output 
line of the microprocessor 3 to select so 
attenuation value appropriate to the voltage of 
tfce battery being charged. The input of the 
attenuator 23 is connected to all of the battery 
ports by a ifns 28. 

The microprocessor 3 has s bi-dlrectionai bus 
2? oonhected h? all of the battery ports for 

s stats of the batter/ ports and for 




the microprocessor 3 
supplies selection signals to the ports as will be 
8S- described hereinafter. 

The battery conditioning port 2 shown in Fig. 1 
comprises positive and negative battery 
connection terminate 28 and 29 for connection to 
s battery 71 to he charged. The positive terminal 
80 28 Is connected to the power supply Sine 12 by a 
diode 30 and to the inputs of s battery detection 
circuit 3 1 and a voltage output enable circuit 32. 
The negative terminal 28 is connected via the 
source-drain path of a power yield affect transistor 
85 33 to the main power supply output line 13. The 
"enable" input of the voffaqe output enable circuit 
52 and the gate of the field effect transistor 33 
are connected to e pott enable line of the bus 27, 
The output of the voltage enable circuit 32 is 
100 connected to the Input line 20 of the attenuator 
23, whores* the output of the battery detection 
circuit 31 is connected to an Input line of the bus 
27. A discharge circuit 34 i$ t 

> 28 and 2S and has a ; 
I via a line 35 to a control line of the Pus 
27. In the case of a battery port which la not a 
conditioning port, the discharge circuit 34 and the 
fine 38 are not provided, 

figure 2 shows a more detailed circuit diagram 
1 10: of the main power supply 8, Figure 3 shows the 
detailed circuit diagram of one of the battery ports 
other than a conditioning port. The additional 
circuitry for a Conditioning port is shown Irs Figure 
4. The same reference numerals are used in 
1 1S figures I to 4 to indicate the same components. 
Trie main power supply 3 shown in figure 2 
comprises a stafoiifcar circuit 1 1 Q which is 
eOfitrsiled by the signals on the lines 8, S, 10, and 
I S, sod by the outputs from the current 
120 transformers 1 1 and 1 4,, so as to produce current 
pulses of selected constant amplitude for battery 
charging. Thestsbifer 110 contains so i 
running at approximately 1 00 kHz whose i 
signal has Its marldspaoe ratio sfusred In 
1 25. accordance with the control signals so as to 

perform the stebiifeatlon function and so as to set 
the desired current amplitude of the output pulses 
from the power supply 8, This signet Is supplied to 
the gate of a power MOSFET 1 1 1 fin practice 
130 several MQSfTTs connected In paraliei), which 



sets ss a switch In mr'ms with an isolating 
fcsnsfofrofcr 1 12. input power for the power 
supply is supplied vis a rectifier diode 1 13 and Is 
smoothed across a reservoir espacstor 1 14. The 
g connectors between the capacitor 1 14 and the 
primary winding of the transformer 1 12 contains 
the primary winding of the current tramforroer 
14. 

The output current from the transformer? 12 is 

1 0 supplied, via the primary winding of the current 
transformer 1 1 , to a rectifier ti 5 and Is smoothed 
by means of a smoothing capacitor 1 J 6. 

The secondary winding of the current 
transformer 1 1 is ownscted to as arcsnfampt 

1 g comprising dkstes 1 1 7 end 1 t 8 and resistors 
1 19 and 120 which same! the appropriate par!: of 
tha waveform from the currant transformer 1 1 for 
use if* ths stabilizer in order so provide feedback 
regulation of the output current of the power 

20 supply 6. Sirnlisriy, diodes 121 and 122 end 
resistors 123 and 1 24 perform the same function 
in respect of the output signal from the secondary 
winding of the current transformer 1 4. 
Figure 3 shows the attenuator 23, which is 

25 common for aii the battery ports. The attenuator 
composes a potential divider formed by a resistor 
3 8 and a plurality of tat! resistors 3? to 40, The 
dr almsou roe path of a field effect transistor 4 1 is 
connected across the resistor 40 whereas the 

30 dmln-sberee path of a field effect transistor 42 Is 
connected between a common mo volt line and 
the connection between the resistors 38 and 39. 
The gates of the fieid effect translswra41 aed42 
form the control line 28 from the microprocessor 

38 3, The mlBfoprocesso-r controls the attenuator 23 
by selectively switching on the transistors 41 and 
42 so as to sher ths sitenustlon according x> the 
voltage of the battery connected bstwesn the 
terminals 28 and 29, so ap to ensure that tha 

40 voltage supplied via the multiplexer 2 1 1s within 
foe operating range of the anaiog-to-digltai 
converter 20. 

The battery detection circuit 31 comprises a 
PIMP transistor 43 whose base is connected vis a 

48 potential divider comprising resistors 44 and 45 
to the terminal 28, which is also connected via s 
resistor 48 to the common line. The coliectorof 
!:hs transistor 43 forms the output of the hotter? 
detection circuit, and Is slap connected to the 

BO common line via a resistor 47, 

The voltage output "enable" circuits 
comprises an NPN translator 48 whose base is 
connected via a potential divider comprising 
resistors 49 to 50 to the gate of the field effect 

5S transistor 33. The collector of the transistor 48 is 
connected via resistors St and §2 to the emitter 
of a PHP trsnslstor 53, whose Peso is connected 
to the connection between the resistors Si and 
52. The emitter of the transistor 53 Js forthsr 

80 connected via a diode S4 to the terminal 28, The 
coliectorof the transistor 83 Is connected, 
together with the collectors of the corresponding 
transistors in ail the other battery ports, to the 
input line 26 of p^n attenuator 23. 

58 Tfos discharge circuit shown in Figure 4 



comprises a diode 54 connected between the 
terminal 26 sod an Input terminal of an integrated 
circuit 3-termios! adjustable voltage regulator S5. 
The ootpiit of ths regulator SS is connected vie a 

70 resistor 88 and en adjustable resistor 57 to the 
dram ef a power field effect transistor 58, 
whefsas the voltage-adjusting terminal of ths 
rsguiator SS is connected to the connection 
bsiw-pen the resistors 58 and 57, The output 

IB terminal of the regulator 85 Is further connected 
via resistors 59 and 60 to the drain of tha 
transistor S8. The drain-source oath of a field 
effect transistor 6 1 is connected across the 
resistor 80, sod the gate of this transistor is 

$0 connected to the moving contact of s mlcroswitch 
82.. having a first fixed contact connected to the 
common line sod a second fixed contact 
connected to the output of the regulator 85. The 
mlcroswitch 62 Is arranged on s tray for .receiving 

85 a battery to he charged by the battery port so that 
Its moving contact is in ths position shown In 
figure 4 for a battery of relatively low capacity, for 
Instance 1 amp-hour. In this position, the source- 
drain path of the trsnslstor 81 is of high 

90 impedance, so that the output current of the 
regulator 58 is constant and is est by foe series 
combination of the resistors 5tTshd 60. However,: 
whsrs a battery of larger capacity, such as 4 smp- 
hours. Is arranged on the tray, foe mlcro-svvlteh 
35 62 is actuated to connect the gate of the 
transistor 81 to the ou tput of the regulator 58 
thus short circuiting the resistor 80 se fnatfho 
current is set by the resistor 80. in a pfofefreej 
embodiment, these currents are D.S smps and 2 

1 00 amps for Pse positions of the switch 62 as 
indicated in Fig, 4, 

The source of the field effect transistor 88 is 
connected to the terminal 20. The coliectorof a 
FMP transistor 63 is connected vis resistors 84 

105 and 65 io a common line, and the connection 
between the resistors 64 and 85 is eonneetsd to 
the gats of she field elf act trsnslstor SS. The 
emitter of the transistor 83 Is connected to the 
Input terminal of the regulator 85 and, via a 

110 resistor 68. to the base of the transistor 83 . Tha 
base of the trsnslstor 63 is further connected via 
a resistor 67 to the collector of an NPN transistor 
08 whose emitter is connected to the common 
line. The bass of tha transistor 88 is connected to 

1 15 the output of a potential divider comprising 
resistors 63 and 70 connected between the 
control line 35 end the costs mors line. 

When a. battery, in particular of t he sesied 
nickel cadmium type, Is connected to the 

1 20 terminals 28 and 29 with the correct polarity, the 
transistor 43 is turned OFF so that s ssro voltage 
ievei ts supplied from the battery detection circuit 
31 to the microprocessor, which permits normal 
operation of the battery port 2, However, if no 

1 28 battery is present or if the battery is connected 
with its terminals rsvorsedi then the transistor 43 
■ isturned ON and supplies a signal of -;-S volts to 
the microprocessor indicating that there Is a fault. 
Thus, the microprocessor prevents the supply of 

130 charging pulses to the battery port until foe fault 



08 £ 13S 434 A 4 



condition is removed. The diode §4 ! 
rsverse-eooKecteti battery from i 
output enable circuit 32, so as to ] 
thereto, 

§ Each of toe battery pom 2 is selected in i 
fey the microprocessor 3 by supping a signal to 
the gats of the fluid effect transistor 33 so si to 
turn'st ON to sbcsrt-etolt the battery eoonootfOP 
tormina! 2S to the output line 1 3 of the main 

1 0 power supply 8. This signal also activates the 
voltage output enable circuit by turning ON the 
transistor 48, which thus hisses the transistor S3 
imo conduction so as to supply at its collector § 
voltags sorrssoonolng to the voitsge across the 

1 5 battery terminals 28 and 20 supplied by a battery 



;e of a conditioning pan, when ths 
j mode is selected by one of ths 
switches 18, ths microprocessor supplies a signs! 
•20 on the line 38 to ths discharge circui? 34 which 
turns m the transistor 68, thus turning ON ths 
. This arrangement of common- 



r amplifying stages provides 
,oftoe< 

25 from ths s 

permits the discharge circuit to operate when the 
conditioning pott is not currently selected by the 
microprocessor by moans of the iieid effect 
translator 33. 

30 When the conditioning port is selected for 



whose value is dependent on the sfee of the 
battery cooperating with the microswitch 82 is 
36 withdrawn from the battery by means of the 
mmm regulator SS vis the diode 54, which alec 
prevents damage to the discharge circuit if a 
batter/ Is connected to the terminals 28 and 28 



40 The battery charger shown in t 
operates as follows, 

The microprocessor 3 controls multiplexing of 
the battery ports 2 such that each port is 
activated In turn. During this multiplexing, one of 

45 the battery ports will have priority whereas 1 



supply a trickle charge to a 
battery, if connected to the port The actus! port: 
which has priority at any one time Is that which 
has had a battery to be charged connected 
•SO thereto for the longest period. 

Dealing first with the operation of the priority 
port in the case where the battery port is note 
conditioning port, the initial connection of a 
buttery 71 to be charged is signalled to the 
88 microptooessor 3 by the battery detection circuit 
31 via the bus 27. Until the battery port is given 
priority , the microprocessor causes the main 
power supply 6 to supply trickle-charge puisss to 
the battery each time the multiplexing j 
60 by the rrdcroprocessor selects the port by 
supplying a signal to the gate of the field < 
transistor 33 is cause It to conduct. In a j 
embodiment, dsn of the battery ports 2 are 
arranged to receive seafed nieitel^edmipm 



m 



aeapacfty of 0,55 amp hours, four of 
ports are arranged to receive sealed 
rtteries having a nominal 
of 14.4 volts and a capacity of 4 
amp hours,, sod two of the ports are arranged to 
rscsive sealed mekek;admiam pattedas having a 
nominal terminal voltage of 24 volts and a 
capacity of 4 amp^oum or 1 amp-hou r. One of 
each of these types of battery pom is a 

ths main power supply 6 so that the battery ports 
for the batteries of 0.5 S or 1 amp-hours capacity 
receive current pulsss having m amplitude of 4,8 
amps whersas ths battery ports for batteries of 4 
amp-hour capacity receive current pulses having 
m amplitude of 1 8 amps. The current priority port 
& activated for 1 second whereas the other ports 



8S 



activation of the priority port, £ach 
of the other battery ports receives a current pulse 
whose duration is such as to provide an average 
current equei to ths capacity of the battery in 
amp-hours divided by tan in accordance with 



the battery 



so seconos. 



consideration 

an initial test lasting =0 

is performed so as to determine whether 
Is ..acceptable for fast charging This' 10. 
sot comprises five identical eycies of 2 
in each of which a charging pulse is 
by the main power supply 8 for a 
of 1 second end, during the 1 second 



batten?' ;s meg 



by means of 
1 00 tie converter 20, the muitiolexer 2 1 , the 
attenuator 23 end the enable circuit 32. In 
particular, the mieroproeessor measures this 

! equaliv spaced intervals, each 
I the supply of atrichia- 
10$ charge passe to the other bsrtery pom in turn. 
The decaying battery voltage during each 1 
second interval has the form shown in Fig, S in 
which the ordinate represents battery voltage V 
and toe abeissa represents time T.The decay of 
the battery voltage baa been emphasised In Fig, 5 
forthe sake of clarity. The microprocessor 3 
receives a oarallsl dioitai code from the converter 
20 for each of the measurements at time 
increments t, f V . . < and, during the Interval 
following the final currant poise of the initial test, 
forms the ratio of the voltage dlfSerersse {V S ~V^ 
to the voltage difference CV' w -V. i2 ) and compares 
this ratio with predetermined maximum and 

s limit values, Alternatively, 
^v.-vy to (V 3 -V, 9 ) or -(Vj-V.) to 
iV s -V <s i may be used- if this ratio falls outside the 
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120 



microprocessor 3 rejects toe battery for fast 
ebargtog, institutes trickle charging of the battery, 
125 and changes priority to the battery pott whose 
battery was connected after this battery. 

if the ratio falls within the acceptable range, 
then tbe microprocessor 3 institutes fast charging 
Of the battery by continuing to supply toe above- 
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second with s 1 second Interval therebetween. 
During the 1 second interval between pulses, the 
microprocessor continues to monitor the 
decaying off-bad voltage across the battery, ; 

5 either following each charging peise or lass 
frequently, and forms a sequence of ratios of the 
above-mentioned voltage differences. Fort 
norms! seated KfekeJ-sadmfoia battery, this rslb 
Increases b a peak value and ten fails as 

10 charging proceeds. Full charging of the battery is 
Indicated by the ratio failing to a v»\m which is a 
predetermined amount or proportion below the 
peak value of the ratios. Accordingly; the 
microprocessor examines the sequence of ratios 

1 S to determined the peak value, and to determine 
when the value of the ratio has Men by the 
predetermined amount or proportion below the 
peak value, in response to which fas- charging of 
the battery is terminated and tha battery then 

10 romams ofj triokie charge until It is removed from 
the battery charger, The predetermined amount or 
proportion may be stored in the microprocessor,, 
for instance In the reset-only memory thereof, or 
may be calculated by the microprocessor for esch 

25 battery Irs apeprdanps with the decaying voltage 
curve and the values of the ratios determined 
dating the charging, 

in the case of a conditioning port 2, a 
copditionif 9 si«P is performed between the initial 

30 test and a further similar test if the corresponding 
one of the switches 1 8 is switched to select the 
coh'o'i'ii'onjog mode. The conditioning step consists 
of discharging ths battery at a constant rats, 
preferably at a constant current equal to ths 

M nomine: capacity of the battery in amp-botif* 
divided by Z f while monitoring the voltage across 
the battery terminals. When this voltage roaches 
a predetermined value, which is generally 1 volt 
per call of ths battery in the case of sealed niokei- 

40 csdmbm batteries, the discharge of the better/ is 
terminated and she further 10 second tost 
kisnilcsl to ths initial test is performed, if the 
further test Is successful, the microprocessor 3 
institutes fast charging of the battery as described 

45 shove. The microprocessor counts the number of 
fast charging pulses supplied to the battery end, 
when the battery is determined to be felly 
charged In the way described above, causes the 
corresponding ? --segment display to give a single 

50 digit indication of ths percentage charge of the 
battery (in units of 10 percent). Alternatively, :the. 
7 -segment display may be replaced by a iignt- 
emitting diode which is illuminated, when ths 
battery has been charged to at least 75 peroeht of 

gg its capacity, thus providing a relatively simple 
Indication to an operator that the battery has been 
charged to m acceptable level. The battery is than 
placed on continuous trickle charge as described 
above until it Is removed, 

80 If roe, further test is not successful, "fault" is 
indicated and no further treatment of the battery 
takes piece unless ths port is switched out of the 
conditioning mode, 

The use of f ast changing pufsas of relatively 

§8 large 'current amplitude has various advantages 



over charging by direct current or fey Interrupted 
direct current. In particular, in oiekePosdrnlcm 
batteries, ft is passible for moist whiskers to form 
between the electrodes during charging,, thus 

?0 shorting me cell However, the relatively high 
current pulses effectively bum up or melt such 
short circuit paths, thus improving the reliability of 
battery charging. 
The microprocessor is farmer arranged to 

76 monitor, during fast charging, the voltage across 
the battery at a particular time increment 
following each current pulse so as to provide an 
additional check for ending the fast charging 
regime. In general, tha microprocessor monitors 

80 the final voltage level V 1S following each current 
pulse, which voltage generally increases for each 
charging pulse until the battery has been fully 
"charged., after which the voltage begins to 
decrease. If this voltage begins to fail before the 

SB above* mentioned test of the ratio of voltage, 
differences has Indicated that fast charging 
should cease, then the microprocessor stops the 
fast charging of the battery and switches It to 
trickle charging so as to prevent damage caused 

SO by over-charging the battery, which is considered 
to be in an acceptable condition. 

As a further safety feature, the number of fast 
charging pulses supplied to the battery is counted 
by the microprocessor and fast charging is ceased 
SS if e predetermined number of such pulses, or if a 
predetermined fast charging period, has beers 
rasched and neither of the above-mentioned: tests 
has stopped the fast charging. If this perioti Is 
reached, the battery Is indicated as faulty, Thus, 

1 00 even if s fault condition arises, the battery cannot 
be over-charged. 

if the initial or further test rejected the batsery 
for fast charging, then, as mentioned above, the 
baitery is subjected to continuous trickle charging 

1 05 at a rate equal to one tenth of its capacity in amp- 
hours. After fourteen hoars of trickle charging, en 
indication is given that the battery has been fully 
charged, but the battery remains on trickle charge 
until it is removed, 

1 fO As mentioned above, each battery port has 
associated with it three light-emitting diodes 
which Indicate the current state of the battery and 
the mode of operation of the battery port in a 
preferred embodiment, these light-emitting 

1 1 S diodes comprise an amber LSD, a green LSD and a 
rsti LED, In the absence of a battery connected to 
the terminals of the battery port, all three light 
emitting diodes are OFF. Continuous 
illumination of the amber diode represents trickle 

1 20 charging of the batten/ and flashing of the amber 
diode Indicates that charging is complete and toe 
battery may be removed, Continuous illumination 
of the red diode indicates that the battery Is 
awaiting or undergoing the Initial test, and 

126 continuous illumination of the green diode 
indicates that the battery has been accepted for 
and is awaiting fast charging, or is under fast 
charge. Flashing of the green tifetie Indicates that 
fastchsrgs hasten completed and thafthe 

130 battery may be romOveti; Flashing of the red diode 
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indicates that a fmh has occurred or that: 
charging of she battery has boss; r sr m I ns ted by 
- detecting the supply of the predetermined 
« nombar of charging poises, so tbatthe battery 

■ S shook! fee removed, in the cssa of the 

conditioning ports, eomlnaoos lliuroioation of the 
red sod green diodes Indicates that the battery 
has bmn accepted for fast Gorging sod is 
undergoing the discharge of the conditioning 

10 step, whereas continuous illumination of the rod 
sod amber diodes indicates that the battery wss 
rejected for feet charging but is undergoing the 
discharge of the conditioning step. In order to 
facilitate use of the battery charger, a dimming 

1 5 control Is provided for dimming these light- 
omitting diodes, and preferably also the 7- 
segment displays. However,, dimming will not 
normally bo possible on the "power" indicator 
described hereinbefore. 

20 The battery charger thus provides fast, 

efficient, and reliable charging of batteries which 
are servieeaOie, and also give m indication of the 
' survivability of the battery , The battery charger is 
particularly suitable for sealed nickel-cadmium 

28 batteries, although Its application to other types 
of battery may bo possible. The technique of 
otonitormg the ratio of voltage differences 
described hereinbefore for the purpose of 
. determining, when fast charging of the battery 

3S should be terminated provides a reliable 
(odsoatiorr of battery charging, out other 
techniques based on the measurement of off-load 
battery voltage following charging poises may 
also be possible, for instance In the esse of 

■38 ■ batteries of other t vpes. 

Figure 6 illustrates the mounting arrangement 
of power swnlconduetors In the battery charger, 
in particular, the switching transistors, which era 
preferably power MQS field effect transistors, in 

40 the power supply. In particular, the field effect 
transistor is contained In a T03 csckage 72 
provided with the usual mica washer 73 for 
insulating the case, which forms one of the circuit 
connections, from a heat sink 74. The heat sink 

48 74 is fixed, for instance by means of bolts, to e 
chassis or chassis member 75 to provide good 
conduction of heat from the heat sink to the 
chassis, 

A printed circuit board 78 Is mounted against 

80 the face of the heat sink 74 on the opposite side 
to the transistor 72. Two nuts 77 are soidsred 
arid/or riveted, or fixed in any other soitafefe wsy, 
to the outer surface of she printed circuit board 
and receive bolts 78 for fixing the transistor to the 

SS heat sink and for providing an electrical 

connection in the usual way. These hertepsos 
through holes in the heat sink and are insulated 
and spaced therefrom by the usual insulating: 
bushes. Two connection pins 79 also pass with 

SO olsarsEiee through corresponding holes in the beat 
sink 74 and In the printed circuit board 78 and 
are received So sockets 80 which arc also fixed to 
the printed circuit board 78 for Instance by means 
of soldering. Copper tracks cm the printed circuit 

68 board 78 provide the connections to the terminals 



of the transistor 72 in the usual way, 

the arrangement of the two nuts 77 sod of the 
sOckste 80 thus permits ready removal and 
replacement of the transistor 72. In particular, it Is 

70 nterely necessary to unscrew the bolts 78 and to 
pci! the transistor sway from the heat sink, as the 
psrss 78 are received in the sockets SO In a plug- 
and-soeket manner. Thus, disassembly of the 
anangoment is not necessary to replace a faulty 

75 transistor dorsng manufacture or service, greatly 
facilitating such operations and reducing the 
"down -time" of the battery charger. The 
arrangsmeot does not: Impair the conduction of 
heat to the heat sink 72 and cooling is further 

80 improved by conduction of heat From the heat 
sink to she chassis 78. 

Such an snangement may be used in other 
applications for power semiconductor dsvicea and 
may also be used for semiconductor packages 

88 other than of the T03 type. 

CLAIMS 

1 , A ptethod of charging a battery,, comprising 
the steps of: 

a) supplying a ptoltty of current pulses of a 
90 first type to the battery; 

k) measuring the off-load voitago of the 
battery between currant pulses of the first type? 

c) deterfpipiog a first voltage drop during a first 
period following a currant pules or the first type; 
98 d) determining a second voltage drop during a 
second period following the current pulso of the 
first type of stop cl but before a next current pules 
ol the first type,, where the end of the second 
period Is later than the beginning of me first 
100 period; 

c.l determining the ratio of the firs? and second 
voltage drops; 

i) repeating steps c) to a) for subsequent 
current pulses of the first type to form a sequence 
108 of ratios : and 

g! slopping the supply of the current pulses of 
the first type afrer the sequence of ratios has 
reached a peak value and when a ratio is 
determined which is less than the peak value by 
110 a predetermined amount or proportion. 

2, A method as claimed so claim 1 , in which the 
eornsot pulses of she first type have an amplitude 
In amps equal to or greater than four times the 
capacity of the battery In amp-hours. 

1 1.5 3. A method as claimed in claim 1 or 2, in 
wbleb each of the current pulses of the first type 
has a duration of one second with a space of one 
s«cand between consecutive pulses, 
4, A method as claimed in any one of the 

1 20 preceding claims, In which the end of the first 
period Is before the beginning of the second 
period, 

8, A method as claimed in any one of the 
preceding claims, in which the off-load bestery 
t'25 voltage Is determined at a predetermined time 
after each current poles of the first type to provide 
8 so.que«ee of batten/ voltage values and the 
supply of the current pulses of the first type Is 
stopped when the featsery voltage value falls 



beiow a peak value of the sequence, 

8. A method as claimed in any ode of the 
preeedsnp, claims, fn which 8is supply of current 
pusses of the first type is stopped after the supply 
5 of a predetermined number of pulses. 

7, A method as claimed in any one of she 
preceding claims, In which, after the supply of 
current pulses of the first type has stopped, 
current pulses of a second type are supplied to 

1 0 the battery so ss to perfooo trkkls charging, 

8. A method as claimed Cr claim which the 
corrsRt pulses of the second type have the same 
amplitude as, but a smaller mark/space ratio than, 
the current, pulses of the first type. 

1 5 9, A method as claimed In claim S, in which the 
average eurrem In amps of the wmm patens .of? 
the second type is equal to one terjih of the 
capacity of the battery ftt amp-hoars. 

1 0. A method as claimed in any one of the 

20 preceding claims. In which an Initial battery tost Is 
performed prior to charging and comprises 
performing step a) to «} for a predetermined 
number of currant pulses of the first type and 
chafing the battery if the ratio of the first and 

2& second voltage drops at the and of the initial test 
Is between predetermined maximum and 
minimum limit values. 

1 1 „ A method as claimed in any one of the 
preceding claims, in which a battery conditioning 

30 step is performed prior to charging and comprises 
discharging the battery at a predetermined rate 
until a pfgsdatsrmifssd voltage per battery ceil Is 
reached, 

12, A method as claimed in claim 1 1, in which, 
3S lh the esse of a nlcsd battery, the ceii voltage is 
one voit 

13> A method as dalmed In claim 1 1 or 12, in 
which the predetermined discharge rate In amps 
is equal to half the battery capacity in amp-hours. 

40 1 4. A method as claimed In any one of claims 
11 to 1 3, in which, following the conditioning 
step, the number of current pulses of the first type 
supplied to the battery Is counted to provide a 
measure of charging of the battery. 

45 1 6, A method of charging a batfsry, suhstsntiaify 
as hereinbefore described with reference to 
Figures 1 to 4 of the accompanying drawings. 

1 8. An apparatus for charging a battery, 
comprising: means for supplying current pulses of 

SO a first type to the battery: means for measuring 
the off-load voltage of ths battery between 
current pulses; and means for determining each 
first voltage drop during a first time parted 
following a current pulse, for determining sacf; 

SS second voltage drop during a second period: 
following the currant pulse yviththoendoftho 
second period following {he beginning af the first 
period, for determining the ratios of the first add 
second voltage drops, and for preventing the 

SO pules supplying means from siapptyiog 

cuireut pulses of the first type when the velds of 
the ratio fails below a peak value by a 
predetermined amount or proportion. 



.17. An apparatus as claimed in claim 1 8, in 
m which the pidse supplying mmm comprises a 
switehed-mode power supply circuit arranged so 
sirppJy; current pulses of constant amplitude 

IB. An apparaJus as claimed in claim 1 7, in 
Whkh the power supply circuit has a current- • 
70 stebi&ing negative feedback loop including a 
current transformer in an output line of the supply 
circuit. 

fS. An apparatus as claimed in claim 1 7 or 18, 
th which a direct current input Sine of the power 
75 supply circuit includes s current transformer for 
supplying a power supply shut-down Signal when 
excessive input current is detected, 

20. An apparatus as claimed in any one of 
claims: 1 7 so 1 $ t in which the power supply circuit 

80 includes srs isolating transformer having windings 
made of screened lead with the core and screen 
thereof constituting the primary and secondary 
wmdtoga, respectively, or vice versa, 

2 1 , An apparatus as claimed in any one of 

85 claims 1 6 to 20, in which the determining means 
comprises a microprocessor. 

22, An apparatus as claimed In stafm 21, in 
which the measuring means comprises an 
anaiog-to-digita! converter connected to the 

SO microprocessor. 

23. An apparatus as claimed in claim 22, In 
which an electronically swltchable attenuator is. 
connected to the Input of the converter and 
comprises a potential divldpr having a plurality of 

95 tail resistors selectively shortehle to a common 
line by transistors, 

. 24, An apostates as daimeri in eldlm 23, irs 
which the transistors are field effect transistors. 
26. An apparatus as claimed in any one of 
100 claims 18 to 24, including a battery discharging 
efrcuii for selectively discharging the battery at 
constant current. 

26. An apparatus as claimed in claim 25, in 
which the discharging circuit comprises a voltage 

1 0S regulator whose output is connected across a 
resistor for setdog the constant currant 

27. An apparatus as claimed In claim 26, in 
which the resistor is connected in series with the 
source-drain path of a field effect transistor 

1 f 0 whose gate is connected to the collector circuit of 
a common-emitter transistor amplifier, 

28. An apparatus as claimed in claim 17, In 
which the power supply circuit Includes at least 
one power semiconductor provided with a 

I IS mounting arrangement comprising a h«st sink 
haying a generally flat portion, on one side of 
which is located the power semiconductor and on 
the other side. of which is located a circuit board, 
the power semiconductor having at least on® 

120 connection pin extending through an opening in 
the heat srok sod received In s socket fixed to the 
board,, at least one fixing bolt for fixing the power 
semicondpetpr passing through the heat sink and 
being received I n a m ember fed to the board and 

1 25 having % female screw thread. 
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28. An apparatus for changing s bstisry, ttfmtm to and as BJusfcratsd in the 

substa ntssiiy as hereinbefore deseribsd with accompany^ drawings, 

Printed! ia tfee U«t!*rf Sififtttora for Hsr m&#f* Sa&wrv Of&sfe BesBsswi Jte. *81«H8j, 11/198* Comrastetf's ©ate «87S, 



